The shape of the hazard rate as a function of time has great variation. Sometimes it is just increasin g, sometimes decreasing, and at other times it is a co mbination of both these features. For instance, the risk of divorce increases after marriage up to a ti me and then decreases. From frailty theory it is kn own that such shapes may have complex explanations, and do not simply reflect a development of risk at the individual level.
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To understand these features better it is useful to look at first-passage-time models of survival and "death". One assumes an underlying process, describ ed by a Markov process (of diffusion type, or with discrete state space), such that "death" correspond s to reaching a certain limit. The shape of the haz ard rate of the time it takes to reach this limit depen ds on the quasi-stationary distribution on the tran sient state space.
It will also be shown that first-passage-time model s (like for instance the inverse gaussian distribution) are useful survival models for analyzing data, also when covariates are present. I n fact, many of the covariates used in survival analyses are indicators of how far some underlying process has advanced.
The process point of view
In survival and event history analysis one mainly considers only the occurrence of events. The underlying process leading up to the event is generally ignored. The main reason for this is that the process is usually completely, or at least partly, concealed, a nd it seems difficult to incorporate something about which one has no knowledge. However, we want to mak e the point that one should consider the underlying process whether it is known or not, and that important insight may be gathered from this. A reference is Aalen & Gjessing (2001) .
Types of processes
It is natural to model the underlying process in terms of well-e stablished stochastic models. Important examples are the following ones:
• Finite state Markov chain.
If there is one absorbing state, with the remaining states constituting a single transient class, then the time to absorpti on is denoted a phase-type distribution. There is a well-developed theory for such distribution s.
• Multistage models of carcinogenesis. There exists a well developed mathematical theory of carcinogenesis. Essentially this is based on various kinds of time-continuous Markov models on finite state spaces. Hence, these models constitute special c ases of the phase-type distributions.
• Wiener process with drift.
The time to crossing of a level by a Wiener process with d rift is the well-known inverse gaussian distribution. A flexible class of families may be de rived by randomising the drift of the Wiener process.
• General diffusion process models.
Generalizing the Wiener process one may consider time to absorption in more general diffusion processes.
The hazard rate can be given a general interpretation in terms of a diffusion process model, as will be shown in the lecture.
Quasi-stationarity
A number of models with an absorbing state have the important fe ature of quasi-stationarity. This means that, although absorption takes place with certainty, the distribution of the survivors (nonabsorbed individuals) on the transient state space converges to a limiting distribution as time increases. It turns out that the quasi-stationary distribution is the key to understanding the various shapes of the hazard rates of the first passage time distribution. If the starting distribution on the transient state space is further removed from the absorbing state than the quasi-stat ionary distribution, then the hazard is generally increasing. If the starting distribution on the transie nt state space is closer then the hazard is generally decreasing. In between these cases there is typica lly a hazard that first increases and then decreases.
Modelling the hazard as a stochastic process
In addition to the first passage time models considered above, ther e are models where the hazard rate itself is a stochastic process. There are at least two pos sibilities that have been considered: • The hazard rate is a diffusion process (e.g. Yashin & Vaupel, 1986 ).
• The hazard rate is a Levy process (e.g. Kebir, 1991) Some remarks will be made concerning such models and the kinds of hazards they imply. They are closely related to frailty models.
Statistical properties
Statistical models can be built along side the more theoretical models above. Typically they will imply non-proportionality of hazards.
